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1
IMAGE FORMING APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims priority to and incorporates
by reference the entire contents of Japanese Patent Applica-
tion No. 2012-249077 filed in Japan on Nov. 13, 2012.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an image forming appara-
tus that includes a fixing device that fixes a formed image to
a recording medium with heat, thereby performing a heat
fixing operation.

2. Description of the Related Art

In recent years, there has been an increasing demand of the
market to further shorten a first print time of image forming
apparatuses, such as copiers, printers, facsimile machines, or
multifunction peripherals. The first print time refers to the
time that elapses from when a print request (image forming
command) is received to when an image forming operation is
performed after an operation to prepare for image forming is
performed and then the first recording medium on which an
image is formed is discharged. In image forming apparatuses
that include a fixing device that performs a heat fixing opera-
tion to fix the formed image to a recording medium with heat,
a warming-up time of the fixing device needs to be shortened
in order to reduce the first print time. The warming-up time
refers to the time taken to increase the temperature of a
heating member to a target temperature (a target fixing tem-
perature), whereby the heat fixing operation can be performed
upon return from a fixing not-possible state (upon turn-on of
the power source or upon return from a standby state).

Fixing devices that use a contact heating system, such as a
heating roller system, film heating system, or electromagnetic
induction heating system, are widely used to perform a heat
fixing operation. Various conventional fixing devices with
various systems have been proposed, where various measures
are implemented to shorten the warming-up time. For
example, in a fixing device with a film heating system, a thin
fixing belt (a fixing film) that has a low heat capacity is heated,
and the fixing film is brought into contact with a recording
medium so that the image is fixed to the recording medium
with heat. Thus, an advantage in shortening the warming-up
time is produced (Japanese Patent Application Laid-open No.
2007-334205).

FIG. 12 is a schematic view that illustrates the relevant part
of a conventional fixing device that uses a film heating sys-
tem.

The fixing device includes an endless belt (a fixing belt or
fixing film) 901, a metallic heat conductor 902 that has nearly
a pipe-like shape and is installed within the endless belt 901,
and a heat source 903 that is a heat source installed within the
metallic heat conductor 902. The fixing device further
includes a pressing roller 904 that is a pressing member that is
in contact with the metallic heat conductor 902 via the endless
belt 901 so as to form a nip section N. The opposing area of the
metallic heat conductor 902 that is opposed to the pressing
roller 904 is formed to be thinner than the other areas, and the
outer circumference of the opposing area of the metallic heat
conductor 902 is formed to have a flat surface. The endless
belt 901 is rotated in accordance with the rotation of the
pressing roller 904 and, at that time, the metallic heat con-
ductor 902 guides the endless belt 901 to move. Furthermore,
the endless belt 901 is heated via the metallic heat conductor

10

15

20

25

30

35

40

45

50

55

60

65

2

902 by the heat source 903 that is a heat source installed
within the metallic heat conductor 902 so that the overall
endless belt 901 can be heated. With the provision of the thin
fixing belt that has a low heat capacity, the warming-up time
can be shortened.

As described above, various measures have been imple-
mented in the conventional fixing devices to shorten the
warming-up time and, as a result, the first print time of the
image forming apparatuses has been shortened. However, itis
found out that, as the warming-up time of the fixing devices
has been shortened, the following problem occurs.

The first print time of the image forming apparatus depends
on the longest one of the start-up times of the operating units
that are associated with an image forming operation. In con-
ventional image forming apparatuses, the start-up time
(warming-up time) of the fixing device is usually the longest
one of the start-up times of the operating units that are asso-
ciated with an image forming operation. Therefore, the first
print time of the image forming apparatus has been reduced
by shortening the start-up time of the fixing device.

However, in some cases, as the warming-up time of the
fixing device has been shortened, the warming-up time of the
fixing device is shorter than the start-up times of the other
operating units, such as a controller (control unit). In such a
case, the warming-up time of the fixing device elapses earlier
than the start-up times of the other operating units. Therefore,
it is necessary to keep the fixing temperature of the fixing
device during a time period from when warming-up is com-
pleted to when the other operating units are started up so that
a fixing operation is actually performed. As the fixing opera-
tion is not performed during the above time period, the elec-
tric power to keep the fixing temperature during the time
period is wasted, which results in the problem of occurrence
of wasted power consumption.

Especially, in electrophotographic color image forming
apparatuses, for example, it is known that the target fixing
temperature can be set to be low during a black-and-white
mode in which images are formed by using black toner only
compared to a color mode in which images are formed by
using toner of multiple colors. This is because the amount of
toner that adheres to a recording medium during the black-
and-white mode is smaller than that during the color mode
and therefore a lower fixing temperature is required to per-
form a fixing operation where toner is melted and softened.
Therefore, during the black-and-white mode for which the
target fixing temperature is lower, the warming-up time is
shorter compared to the color mode for which the target fixing
temperature is higher. Thus, the above-described problem is
further noticeable during the black-and-white mode.

In consideration of the above-described problem, there is
needed to provide an image forming apparatus that is capable
of reducing a waste of power consumption that is required to
keep the fixing temperature until the other operating units are
started up.

SUMMARY OF THE INVENTION

It is an object of the present invention to at least partially
solve the problems in the conventional technology.

According to the present invention, there is provided: an
image forming apparatus comprising: an image forming unit
configured to form an image on a recording medium in accor-
dance with input image information; a fixing unit configured
to apply heat of a heated heating member to the image formed
on the recording medium by the image forming unit so as to
fix the image to the recording medium, thereby performing a
heat fixing operation; an information acquiring unit config-
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ured to acquire warming-up time estimate information for
estimating a warming-up time to increase a temperature of the
heating member to a target fixing temperature; and a heating
control unit configured to control a heating start timing of the
heating member in accordance with the warming-up time
estimate information acquired by the information acquiring
unit.

The above and other objects, features, advantages and tech-
nical and industrial significance of this invention will be
better understood by reading the following detailed descrip-
tion of presently preferred embodiments of the invention,
when considered in connection with the accompanying draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic configuration diagram illustrating an
example of the configuration of an overall image forming
apparatus according to an embodiment;

FIG. 2 is a schematic configuration diagram illustrating an
example of the configuration of a fixing device of the image
forming apparatus;

FIG. 3(a) is a perspective view illustrating a configuration
of'an end of a fixing belt of the fixing device, FIG. 3(b) is a
plan view of the fixing belt, and FIG. 3(c) a side view of the
fixing belt when viewed in the direction of the rotation axis;

FIG. 4 is a schematic configuration diagram illustrating
another example of the configuration of the fixing device;

FIG. 5 is a schematic configuration diagram illustrating
another example of the configuration of the fixing device;

FIG. 6 is a development view of a light shielding member
installed in the fixing device according to the configuration
example;

FIG. 7 is a block diagram illustrating an example of the
relevant part of a control system that controls the fixing
device;

FIG. 8 is a flowchart illustrating the flow of a warming-up
operation according to a warming-up operation example 1;

FIG. 9 is a flowchart illustrating the flow of a warming-up
operation according to a warming-up operation example 2;

FIG. 10 is a flowchart illustrating the flow of a warming-up
operation according to a warming-up operation example 3;

FIG. 11 is a flowchart illustrating the flow of a warming-up
operation according to a warming-up operation example 4;

FIG. 12 is a schematic configuration diagram illustrating a
fixing device according to a conventional example;

FIG. 13 is a flowchart illustrating a specific example to
perform on/off control of a heater in the fixing device accord-
ing to an embodiment; and

FIG. 14 is a flowchart illustrating another specific example
to perform on/off control of a heater in the fixing device
according to an embodiment.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Exemplary embodiments of an image forming apparatus
according to the present invention are explained in detail
below with reference to the accompanying drawings.

In the drawings that are used to explain the present embodi-
ment, the same reference numerals and codes are applied to
components, i.e., members or constituent parts, that have the
same function or configuration as long as they can be distin-
guished from one another, and after they are explained once,
the explanations thereof are omitted.
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First, an explanation is given of the overall configuration of
the image forming apparatus according to the present
embodiment.

FIG. 1 is a schematic configuration diagram illustrating an
example of the configuration of the overall image forming
apparatus according to the present embodiment.

The image forming apparatus illustrated in FIG. 1 is a
tandem color laser printer. An image station is provided at the
central part of the apparatus main body, and the image station
includes image forming units (the four image forming units in
the illustrated example) that form multiple color images. The
image forming units are arranged along the extending direc-
tion of an intermediate transfer belt (hereafter, referred to as
the “transfer belt”) 11 that is an endless belt-like intermediate
transfer member. The image forming units have the same
configuration except that they contain developers of different
colors, i.e., yellow (Y), magenta (M), cyan (C), and black
(Bk), that correspond to the color separation components of
color images.

As illustrated in FIG. 1, an image forming apparatus 1000
has photosensitive drums 20Y, 20C, 20M, and 20Bk arranged
therein as multiple image carriers that correspond to the col-
ors, i.e., yellow, cyan, magenta, and black, that are obtained
by color separation. A toner image that is a visible image of
each color formed on each of the photosensitive drums 20Y,
20C, 20M, and 20Bk is subjected to a primary transter opera-
tion by the transfer belt 11 that is movable in the direction
indicated by the arrowed line Al (hereinafter, referred to as
“the direction A1”) while it faces each of the photosensitive
drums 20Y, 20C, 20M, and 20Bk, whereby the toner image of
each color is transferred onto the transfer belt 11 in a super-
imposed manner. Afterward, the toner image of each color
that is transferred onto the transfer belt 11 in a superimposed
manner is subjected to a secondary transfer operation by a
sheet P that is a recording medium, whereby the toner images
are collectively transferred onto the sheet P.

Various devices are installed around each of the photosen-
sitive drums 20Y, 20C, 20M, and 20Bk so as to perform an
image forming process in accordance with the rotation of the
photosensitive drum. Here, the photosensitive drum 20Bk
that forms images of black is used as the subject of explana-
tion. Around the photosensitive drum 20Bk are installed a
charge device 30Bk, a developing device 40Bk, a primary
transfer roller 12Bk that is a primary transfer unit, and a
cleaning device 50Bk, and they perform an image forming
process along the direction of the rotation of the photosensi-
tive drum 20Bk. In order to write an electrostatic latent image
on the charged photosensitive drum 20Bk, an optical writing
device 8 is used as an exposure unit that emits light to the
surface of the photosensitive drum 20Bk.

The optical writing device 8 includes a semiconductor laser
that is a light source, a coupling lens, an 8 lens, a toroidal
lens, a reflection mirror, a rotary polygon mirror (polygon
mirror) that is a light deflection unit, or the like. The optical
writing device 8 is configured to emit a write light (laser light)
Lb to the surface of each of the photosensitive drums 20Y,
20C, 20M, and 20Bk on the basis of image data so as to form
electrostatic latent images on the photosensitive drums 20Y,
20C, 20M, and 20Bk.

For superimposition and transfer onto the transfer belt 11,
the visible images (toner images) formed on the photosensi-
tive drums 20Y, 20C, 20M, and 20Bk are transferred to the
same location of the transfer belt 11 in a superimposed man-
ner while the transfer belt 11 is moved in the direction Al
illustrated in the drawing. More specifically, a primary trans-
ferbias is applied to each of primary transfer rollers 12Y, 12C,
12M, and 12Bk that are arranged such that they face the
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photosensitive drums 20Y, 20C, 20M, and 20Bk with the
transfer belt 11 interposed therebetween. By the primary
transfer rollers 12Y, 12C, 12M, and 12Bk to which the pri-
mary transfer bias is applied, the visible images (the toner
images) formed on the photosensitive drums 20Y, 20C, 20M,
and 20Bk are transferred in a superimposed manner on the
transfer belt 11 from the upstream side to the downstream side
thereof in the direction A1 at different timings.

A primary transfer nip is formed between each of the
primary transfer rollers 12Y, 12C, 12M, and 12Bk and a
corresponding one of the photosensitive drums 20Y, 20C,
20M, and 20Bk with the transfer belt 11 interposed therebe-
tween. Furthermore, each of the primary transfer rollers 12,
12C, 12M, and 12Bk is connected to an undepicted power
source so that the primary transfer bias of a predetermined
direct-current (DC) voltage and/or alternate-current (AC)
voltage is applied to each of the primary transfer rollers 12,
12C, 12M, and 12Bk.

The photosensitive drums 20Y, 20C, 20M, and 20Bk are
arranged in the order they appear in this sentence from the
upstream side along the direction A1 illustrated in FIG. 1. The
photosensitive drums 20Y, 20C, 20M, and 20Bk are installed
in the image forming units that form images in yellow, cyan,
magenta, and black.

Moreover, the image forming apparatus 1000 includes, in
addition to the above-described image forming units, a trans-
fer belt unit (transfer device) 10 that is located above the
photosensitive drums 20Y, 20C, 20M, and 20Bk, a secondary
transfer roller 5 that is a secondary transfer unit, a transfer-
belt cleaning device 13, and the optical writing device 8 that
is located below the image forming units.

In addition to the above-described transfer belt 11, whichis
an endless belt, and the primary transfer rollers 12Y, 12C,
12M, and 12Bk, the transfer belt unit 10 includes a plurality of
belt supporting members, such as a drive roller 72 and a
driven roller 73 between which the transfer belt 11 extends.
When the drive roller 72 is driven and rotated, the transfer belt
11 is moved around (rotated) in the direction Al in the draw-
ing. The drive roller 72 also serves as a secondary-transfer
backup roller that faces the secondary transfer roller 5 with
the transfer belt 11 interposed therebetween. The drivenroller
73 also serves as a cleaning backup roller that faces the
transfer-belt cleaning device 13 with the transfer belt 11 inter-
posed therebetween. Furthermore, the driven roller 73 also
serves as a tension applying unit with respect to the transfer
belt 11; therefore, the driven roller 73 is provided with a
biasing unit that uses a spring, or the like. A transfer device 71
is configured to include the transfer belt unit 10, the primary
transfer rollers 12Y, 12C, 12M, and 12Bk, the secondary
transfer roller 5, and the transfer-belt cleaning device 13.

The secondary transferroller 5 is arranged such that it faces
the transfer belt 11 and is rotated in accordance with the
movement of the transfer belt 11. Furthermore, the transfer
belt 11 is sandwiched between the secondary transfer roller 5
and the drive roller 72, which servers as the secondary-trans-
fer backup roller, whereby a secondary transfer nip is formed
therebetween. In the same manner as the primary transfer
rollers 12Y, 12C, 12M, and 12Bk, the secondary transfer
roller 5 is connected to an undepicted power source so that the
secondary transfer bias of a predetermined direct-current
(DC) voltage and/or alternate-current (AC) voltage is applied
to the secondary transfer roller 5.

The transfer-belt cleaning device 13 is arranged such that it
faces the driven roller 73 with the transfer belt 11 interposed
therebetween. The transfer-belt cleaning device 13 cleans the
surface of the transfer belt 11. In the example illustrated in the
drawing, the transfer-belt cleaning device 13 includes a clean-
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ing brush and a cleaning blade that are arranged such that they
are in contact with the transfer belt 11. Moreover, an unde-
picted waste-toner conveyance hose extends from the trans-
fer-belt cleaning device 13 and connects to an inlet port of an
undepicted waste-toner container.

The image forming apparatus 1000 further includes a sheet
feed cassette (sheet feed device) 61 that is a recording-me-
dium containing unit that contains the recording media, i.e.,
the sheets P; a pair of registration rollers 4 that is a recording-
medium feed unit; and an undepicted sheet leading-end sen-
sor that is a recording-medium leading-end detection unit.
The sheet feed cassette 61 is located in the lower section of the
main body of the image forming apparatus 1000. The sheet
feed cassette 61 includes a feed roller 3 that is a recording-
medium feed unit that is in contact with the upper surface of
the uppermost sheet P. When the feed roller 3 is driven and
rotated in a counterclockwise direction, the uppermost sheet
P is fed toward the pair of registration rollers 4.

Furthermore, a sheet conveyance path R is provided within
the printer main body so as to discharge the sheet P from the
apparatus after the sheet P is fed from the sheet feed cassette
61 and passed through the secondary transfer nip. The pair of
registration rollers 4 that feeds and conveys the sheet P toward
a secondary transfer unit (the secondary transfer nip) is
located upstream of the secondary transfer roller 5 in the sheet
conveying direction on a sheet conveyance path. The pair of
registrationrollers 4 feeds the sheet P, which is conveyed from
the sheet feed cassette 61, toward the secondary transfer unit
(the secondary transfer nip) between the secondary transfer
roller 5 and the transfer belt 11 at a predetermined timing that
is synchronized with the timing in which a toner image is
formed by the image station that includes the image forming
units. The sheet leading-end sensor detects that the leading
end of the sheet P has reached the pair of registration rollers 4.

Here, in addition to regular sheets, sheets that are recording
media include heavy sheets, postcards, envelopes, thin sheets,
painting sheets (coated sheets or art sheets), tracing papers,
OHP sheets, recording sheets, or the like. In addition to a
sheet feed cassette, such as the sheet feed cassette 61, a
manual sheet feed mechanism may be provided so that sheets
can be manually supplied.

The image forming apparatus 1000 further includes a fix-
ing device 100 as a fixing unit that fixes a toner image to the
sheet P to which the toner image has been transferred; dis-
charge rollers 7 as a recording-medium discharge unit; a
discharge tray 17 as a recording-medium stack unit; and
multiple toner bottles 9Y, 9C, 9M, and 9Bk as toner contain-
ers. The discharge rollers 7 discharge the fixed sheet P from
the main body of the image forming apparatus 1000. The
discharge tray 17 is located in the upper section of the main
body of the image forming apparatus 1000 so as to stack the
sheet P that is discharged from the main body of the image
forming apparatus 1000 by the discharge rollers 7.

Each of the toner bottles 9Y, 9C, 9M, and 9Bk is filled with
toner of'each color, i.e., yellow, cyan, magenta, or black. Each
of the toner bottles 9Y, 9C, 9M, and 9Bk is removably
attached to a corresponding one of bottle containers that are
located in the upper section of the printer main body and are
located below the discharge tray 17. Furthermore, an unde-
picted supply route is provided between each of the toner
bottles 9Y, 9C, 9M, and 9Bk and a corresponding one of
developing devices 40Y, 40C, 40M, and 40Bk so that toner is
supplied from each of the toner bottles 9Y, 9C, 9M, and 9Bk
to a corresponding one of the developing devices 40Y, 40C,
40M, and 40Bk via the supply route.

Although not illustrated in detail, the transfer-belt cleaning
device 13 included in the transfer device 71 includes the
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cleaning brush and the cleaning blade that are arranged such
that they are opposed to and are in contact with the transfer
belt 11. The cleaning brush and the cleaning blade scrape the
transfer belt 11 so as to remove undesired material, such as
residual toner, from the transfer belt 11, thereby cleaning the
transfer belt 11. The transfer-belt cleaning device 13 includes
an undepicted discharge unit to convey and dispose the
residual toner that has been removed from the transfer belt 11.

Next, an explanation is given of a basic operation of the
image forming apparatus 1000 that is configured as described
above.

When the image forming apparatus 1000 starts an image
forming operation, the photosensitive drums 20Y, 20C, 20M,
and 20Bk in the image forming units are driven and rotated by
undepicted drive devices in a clockwise direction as illus-
trated, and the surface of each of the photosensitive drums
20Y, 20C, 20M, and 20Bk is uniformly charged by a corre-
sponding one of charge devices 30Y, 30C, 30M, and 30Bk so
that the surface has a predetermined polarity. The optical
writing device 8 emits laser light to the charged surface of
each of the photosensitive drums 20Y, 20C, 20M, and 20Bk,
whereby an electrostatic latent image is formed on the surface
of each of the photosensitive drums 20Y, 20C, 20M, and
20Bk. Here, the image information for exposure of each of the
photosensitive drums 20Y, 20C, 20M, and 20Bk is the single-
color image information that is obtained by separating a
desired full-color image into color information on yellow,
magenta, cyan, and black. Toner is supplied by the developing
devices 40Y, 40C, 40M, and 40Bk to the electrostatic latent
image formed on the photosensitive drums 20Y, 20C, 20M,
and 20Bk as described above, whereby the electrostatic latent
image is developed as a toner image (obtained as a visible
image).

Furthermore, when the image forming operation is started,
the drive roller (the secondary-transfer backup roller) 72 is
driven and rotated in a counterclockwise direction illustrated
in FIG. 1 so that the transfer belt 11 is moved around in the
direction Al. A constant voltage that has a polarity opposite to
that of the charged toner or a voltage on which constant
current control is performed is applied to each of the primary
transfer rollers 12, 12C, 12M, and 12Bk. Thus, a predeter-
mined transfer electric field is formed at the primary transfer
nip between each of the primary transfer rollers 12, 12C,
12M, and 12Bk and a corresponding one of the photosensitive
drums 20Y, 20C, 20M, and 20Bk.

Afterward, the toner image of each color formed on each of
the photosensitive drums 20Y, 20C, 20M, and 20Bk reaches
the primary transfer nip in accordance with the rotation of the
photosensitive drums 20Y, 20C, 20M, and 20Bk, the toner
image formed on each of the photosensitive drums 20Y, 20C,
20M, and 20Bk is sequentially transferred to the transfer belt
11 in a superimposed manner due to the transfer electric field
formed at the above-described primary transfer nip. Thus, the
full-color toner image is carried by the surface of the transfer
belt11. Furthermore, the toner that has not been transferred to
the transfer belt 11 and remains on the photosensitive drums
20Y, 20C, 20M, and 20Bk is removed by cleaning devices
50Y, 50C, 50M, and 50Bk. Then, the surface of each of the
photosensitive drums 20Y, 20C, 20M, and 20Bk is neutral-
ized by an undepicted neutralization device so that the surface
potential is initialized.

In the lower section of the image forming apparatus, the
feed roller 3 starts to rotate so that the sheet P is conveyed
from the sheet feed cassette 61 to the conveyance path. The
sheet P conveyed to the conveyance path is delivered to the
secondary transfer nip between the secondary transfer roller 5
and the drive roller (the secondary-transter backup roller) 72

10

15

20

25

30

35

40

45

50

55

60

65

8

atan appropriate timing by the pair of registration rollers 4. At
this time, the transfer voltage applied to the secondary trans-
fer roller 5 has a polarity opposite to that of the charged toner
of the toner image formed on the transfer belt 11; thus, a
predetermined transfer electric field is formed at the second-
ary transfer nip.

Afterward, when the toner images formed on the transfer
belt 11 reach the secondary transfer nip in accordance with
the movement of the transfer belt 11, the toner images formed
on the transfer belt 11 are collectively transferred onto the
sheet P due to the transfer electric field formed at the above-
described secondary transfer nip. Furthermore, the toner that
has not been transferred to the sheet P and remains on the
transfer belt 11 is removed by the transfer-belt cleaning
device 13, and the removed toner is conveyed to and collected
in an undepicted waste-toner container.

The sheet P is then conveyed to the fixing device 100, and
the toner image on the sheet P is fixed to the sheet P by the
fixing device 100. The sheet P is then discharged from the
apparatus by the discharge roller 7 and is stacked on the
discharge tray 17.

An explanation is given above of the image forming opera-
tion that is performed to form a full-color image on a sheet;
however, it is possible to form a single-color image by using
any one of the four image forming units or to form two-color
or three-color image by using two or three image forming
units.

Next, an explanation is given of an example of a specific
configuration of the fixing device 100 that is usable in the
image forming apparatus 1000 that is configured as described
above.

FIG. 2 is a schematic configuration diagram that illustrates
an example of the configuration of the fixing device 100
according to the present embodiment.

As illustrated in FIG. 2, the fixing device 100 includes a
fixing belt 121, as an endless movable member, that is a
rotatably mounted heating member; a pressing roller 122, as
an endless movable member, that is a rotatably mounted
pressing member opposed to the fixing belt 121; and a halo-
gen heater 123 as a heat source that heats the fixing belt 121.
The fixing device 100 further includes a nip forming unit that
includes a nip forming member 124 that is opposed to the
pressing roller 122 via the fixing belt 121 and that forms a nip
section N with the pressing roller 122 and that includes a stay
125 as a supporting member that supports the nip forming
member 124; and a reflection member 126 that reflects the
electromagnetic wave or light emitted by the halogen heater
123 to the fixing belt 121. The fixing device 100 further
includes a temperature sensor 127 that is a temperature detec-
tion unit that is a heat-accumulation state information acquir-
ing unit included in an information acquiring unit that detects
the temperature of the fixing belt 121; a separation member
128 as a recording-medium separation unit that separates the
sheet from the fixing belt 121; an undepicted biasing unit that
biases the pressing roller 122 toward the fixing belt 121; and
the like.

The inner surface of the fixing belt 121 is directly heated by
the halogen heater 123 due to its radiation heat. Furthermore,
the nip forming member 124 is located within the fixing belt
121, i.e., is located in the inside area surrounded by the inner
surface of the fixing belt 121, and is arranged such that the nip
forming member 124 directly slides on the inner surface of
the fixing belt 121 or indirectly slides on the inner surface of
the fixing belt 121 with an undepicted slide sheet interposed
therebetween.

Although the above-described nip section N has a flat
shape in the example illustrated in FIG. 2, it may have a
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concave shape or any other shapes. If the above-described nip
section N has a concave shape, the leading edge of the sheet
P is discharged in a direction toward the pressing roller 122;
thus, separation performance can be improved and the occur-
rence of jams can be reduced.

The fixing belt 121 is made up of an endless belt member
(including a film) that is thin and flexible. Specifically, the
fixing belt 121 includes a base material on its inner circum-
ference that is made of a metallic material, such as nickel or
SUS, or a resin material, such as polyimide (PI), and includes
a release layer on its outer circumference that is made of
tetrafluoroethylene-perfluoroalkyl vinyl ether copolymer
(PFA), polytetrafluoroethylene (PTFE), or the like. The
release layer prevents toner adhesion; thus, separation perfor-
mance is provided. Furthermore, an elastic layer may be
interposed between the base material and the release layer,
and the elastic layer is made of a rubber material, such as
silicone rubber, foamable silicone rubber, or fluorine-con-
taining rubber. In a case where an elastic layer, such as a
silicone rubber layer, is provided, when an unfixed image is
fixed by applying pressure, it is possible to prevent uneven
gloss on a solid area of the image that is like an orange peel
(orange-peel image) where the small bumps on the surface of
the belt are transferred to the image. In order to effectively
prevent the occurrence of uneven gloss like an orange peel
(orange-peel image), it is preferable that, for example, a sili-
cone rubber layer having equal to or greater than a predeter-
mined thickness (e.g., equal to or greater than 10041 ml) is
provided. If the silicone rubber layer is deformed, the small
bumps on the surface of the belt are smoothed out, whereby
the orange-peel image can be improved.

The pressing roller 122 includes a cored bar 122a, an
elastic layer 1224, and a release layer 122¢. The elastic layer
12254 is provided on the outer circumference of the cored bar
122a and is made of foamable silicone rubber, silicone rub-
ber, fluorine-containing rubber, or the like. The release layer
122¢ is provided on the surface of the elastic layer 1225 and
is made of PFA, PTFE, or the like. The pressing roller 122 is
pressed against the fixing belt 121 by an undepicted pressing
member, such as a spring, and is in contact with the nip
forming member 124 via the fixing belt 121. The elastic layer
1224 of the pressing roller 122 is crushed at the point where
the pressing roller 122 is in contact with the fixing belt 121,
whereby the nip section N having a predetermined width is
formed.

Furthermore, the pressing roller 122 is configured to be
driven and rotated when the driving force is transmitted
thereto via a gear, or the like, from an undepicted drive source,
such as a motor, that is mounted in the main body of the image
forming apparatus 1000. When the pressing roller 122 is
driven and rotated, the driving force is transmitted to the
fixing belt 121 via the nip section N so that the fixing belt 121
is accordingly rotated.

The fixing belt 121 is rotated together with the pressing
roller 122. In the case of the example of the configuration
illustrated in FIG. 2, the pressing roller 122 is rotated by
undepicted drive source, such as a motor, and the driving
force is transmitted to the fixing belt 121 via the nip section N
so that the fixing belt 121 is rotated. The fixing belt 121 is
rotated while it is nipped at the nip section N. Both ends of the
fixing belt 121, other than the nip section N, are guided by a
belt supporting member 140, which will be explained later, so
that the fixing belt 121 is moved.

Although the pressing roller 122 is a solid roller in the
present embodiment, it may be a hollow roller. In that case, a
heat source, such as a halogen heater, may be installed inside
the pressing roller 122. If no elastic layer is provided, the heat
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capacity is decreased and therefore the fixing performance is
improved; however, there is a possibility that, when unfixed
toner is pressed and fixed, the small bumps on the surface of
the belt are transferred onto the image and thus the gloss is
uneven on the solid area of the image. In order to prevent this,
it is preferable that the elastic layer having a thickness of
equal to or greater than 100 [um] is provided. With the pro-
vision of the elastic layer having a thickness of equal to or
greater than 100 [um)], it is possible to smooth out the small
bumps due to the elastically deformed elastic layer 1225;
thus, it is possible to prevent the occurrence of uneven gloss.

The elastic layer 1225 of the pressing roller 122 may be
made of a solid rubber; however, if a heat source is not
installed inside the pressing roller 122, a highly thermally
insulated rubber, such as a sponge rubber, may beused. Using
a highly thermally insulated rubber, such as a sponge rubber,
is more preferable as it is less likely to take the heat of the
fixing belt 121. Furthermore, a belt member, such as the fixing
belt 121 that is a rotary heating member as described above,
and a pressing member, such as the pressing roller 122 that is
an opposing rotary member, may be configured to not only be
in contact with and pressed against each other but also be
simply in contact with each other without being pressed
against each other.

Both ends of the halogen heater 123 are fixed to side plates
142 (see FIG. 3) of the fixing device 100. A configuration is
such that output control is performed by a power source unit
that is installed in the main body of the image forming appa-
ratus 1000 so that the halogen heater 123 generates heat. The
output control on the halogen heater 123 performed by the
power source unit is such that, for example, switching on/off
of the halogen heater 123 or the amount of electric current
applied to the halogen heater 123 is controlled in accordance
with the result of detection on the surface temperature of the
fixing belt 121 performed by the temperature sensor 127.
With such output control on the heater, it is possible to set the
temperature (fixing temperature) of the fixing belt 121 to the
target fixing temperature. Furthermore, in addition to the
halogen heater, an electromagnetic induction heater (IH),
resistance heating element, carbon heater, or the like, may be
used as the heat source for heating the fixing belt 121.

The nip forming member 124 includes a base pad 131 and
a slide sheet (low-friction sheet) 130 that is mounted on the
surface of the base pad 131. The base pad 131 is formed
continuously and longitudinally along the axial direction of
the fixing belt 121 or the axial direction of the pressing roller
122. The base pad 131 receives pressure from the pressing
roller 122 so as to define the shape of the nip section N.

The base pad 131 of the nip forming member 124 is fixedly
supported by the stay 125. Thus, it is possible to prevent the
nip forming member 124 from being bent due to the pressure
from the pressing roller 122 and to obtain a uniform width of
the nip along the axial direction of the pressing roller 122.

The base pad 131 of the nip forming member 124 is made
of a heat resisting material whose upper temperature limit is
equal to or greater than 200 degrees C. Thus, within a toner
fixing temperature range, the deformation of the nip forming
member 124 due to heat is prevented, the stable condition of
the nip section N is ensured, and the quality of output is
stabilized. A typical heat resistant resin, such as polyether-
sulfone (PES), polyphenylene sulfide (PPS), liquid crystal-
line polymer (LCP), polyether nitrile (PEN), polyamide-
imide (PAT), or polyether ether ketone (PEEK), can be used
for the base pad 131.

The slide sheet 130 may be provided on at least the surface
of the base pad 131 that is opposed to the fixing belt 121.
Thus, when the fixing belt 121 is rotated, the fixing belt 121
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slides on the low-friction sheet so that the drive torque that
occurs in the fixing belt 121 is reduced and the load on the
fixing belt 121 due to the friction force is decreased. The
configuration without the slide sheet is possible.

It is preferable that the stay 125 is made of a metallic
material, such as stainless or iron, that has a high mechanical
strength so as to satisfy the bending prevention function of the
nip forming member 124. Furthermore, it is preferable that
the base pad 131 is made of'a material that has a certain degree
of'hardness in order to ensure the strength. A resin, such as a
liquid crystalline polymer (LLCP), metal, ceramic, or the like,
may be used for the material of the base pad 131.

The reflection member 126 is installed between the stay
125 and the halogen heater 123. In the present embodiment,
the reflection member 126 is fixed to the stay 125. The mate-
rial of the reflection member 126 may be aluminum, stainless,
or the like. The reflection member 126 is installed as
described above so that the light (radiation heat) emitted by
the halogen heater 123 toward the stay 125 is reflected to the
fixing belt 121. Thus, it is possible to increase the amount of
radiation heat emitted to the fixing belt 121 and to effectively
heat the fixing belt 121. Instead of providing the reflection
member 126, mirror surface treatment may be applied to the
surface of the stay 125, or the like, whereby the same effect
can be obtained.

Various measures are implemented in the configuration of
the fixing device 100 according to the present embodiment in
order to improve the energy saving performance, the first
print time, and the like.

Specifically, the area of the fixing belt 121 other than the
nip section N can be directly heated by the halogen heater 123
(a direct heating method). According to the present embodi-
ment, nothing is interposed between the halogen heater 123
and the area of the fixing belt 121 that is located on the left
side of FIG. 2 so that the radiation heat is directly applied
from the halogen heater 123 to the area of the fixing belt 121.

In order to achieve the low heat capacity of the fixing belt
121, the fixing belt 121 is thin and has a small diameter.
Specifically, the thickness of the base material included in the
fixing belt 121 is set in the range of 20 to 50 [um], the
thickness of the elastic layer included in the fixing belt 121 is
set in the range of 100 to 300 [um], and the thickness of the
release layer included in the fixing belt 121 is set in the range
ot 10 to 50 [um]. The thickness of the overall fixing belt 121
is set to equal to or less than 1 [mm]. The diameter of the
fixing belt 121 is set to 20 to 40 [mm]. In order to further
achieve the low heat capacity, it is preferable that the thick-
ness of the overall fixing belt 121 is set to equal to or less than
0.2 [mm]. More preferably, it is set to equal to or less than 0.16
[mm]. Moreover, it is preferable that the diameter of the fixing
belt 121 is equal to or less than 30 [mm].

In the present embodiment, a configuration is such that the
diameter of the pressing roller 122 is set to 20 to 40 [mm] so
that the diameter of the fixing belt 121 is equivalent to the
diameter of the pressing roller 122. However, this configura-
tion is not a limitation. For example, they may be formed such
that the diameter of the fixing belt 121 is smaller than that of
the pressing roller 122. In this case, the curvature of the fixing
belt 121 at the nip section N is smaller than that of the pressing
roller 122, whereby the sheet (recording medium) P dis-
charged through the nip section N is easily released from the
fixing belt 121.

As the fixing belt 121 has a small diameter as described
above, the space inside the fixing belt 121 is small. However,
as the stay 125 is bent at both ends so as to have a U shape and
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the halogen heater 123 is housed inside the U shaped section,
it is possible to install the stay 125 and the halogen heater 123
within the small space.

FIG. 3(a) is a perspective view that illustrates a configura-
tion of an end of the fixing belt 121, FIG. 3(b) is a plan view
of'the fixing belt 121, and FIG. 3(¢) is a side view of'the fixing
belt 121 when viewed in the direction of the rotation axis.
Although the configuration of the one end only is illustrated in
FIGS. 3(a) to 3(c), the other end has the same configuration;
therefore, an explanation is given below, with reference to
FIGS. 3(a) to 3(c), of the configuration of one end only.

As illustrated in FIGS. 3(a) and 3 (b), the belt supporting
member 140 is installed at the end of the fixing belt 121 with
respect to the direction (the axial direction) perpendicular to
the moving direction of the surface of the fixing belt 121, and
the end of the fixing belt 121 is rotatably supported by the belt
supporting member 140. Furthermore, as illustrated in FIG.
3(c), the belt supporting member 140 is shaped like, for
example, a flange and has a C shape, where an opening is
formed at the position of the nip section N (the position where
the nip forming member 124 is installed). Furthermore, the
belt supporting member 140 is fixed to the side plate 142.
Moreover, the end of the stay 125 in the longitudinal direction
is also fixed to the side plate 142, whereby the position thereof
is determined. In the same manner as the stay 125, the side
plate 142 is formed of a metallic material, such as stainless or
iron. As the side plate 142 is made of the same material as the
stay 125, the assembly accuracy is easily obtained.

Furthermore, as illustrated in FIGS. 3(a) and 3(b), a slip
ring 141 that is a protecting member is provided between the
end of the fixing belt 121 and the opposing surface of the belt
supporting member 140 that is opposed to the fixing belt 121
so as to protect the end of the fixing belt 121. Thus, it is
possible to prevent the end of the fixing belt 121 from being in
direct contact with the belt supporting member 140 when the
fixing belt 121 deviates in the axial direction; thus, it is pos-
sible to prevent the end from being abraded or damaged. The
slip ring 141 is fitted into the outer circumference of the belt
supporting member 140 with some allowance provided ther-
ebetween. Therefore, the slip ring 141 can rotate together
with the fixing belt 121 when the end of the fixing belt 121 is
brought into contact with the slip ring 141; however, the slip
ring 141 may remain still without rotating together. It is
preferable that what is called a super engineering plastic that
has a superior heat resistance property, e.g., PEEK, PPS, PAI,
PTFE, or the like, is used for the material of the slip ring 141.

Although not illustrated, a shielding member is provided at
each end of the fixing belt 121 in the axial direction and is
located between the fixing belt 121 and the halogen heater
123 so as to shield against the heat from the halogen heater
123. Thus, it is possible to, particularly, prevent an excessive
increase in the temperature of a non sheet-feed area of the
fixing belt while the sheets are continuously fed, and it is
possible to prevent the fixing belt from being degraded or
damaged due to the heat.

An explanation is given below, with reference to FIG. 2, of
an example of a basic operation of the fixing device 100
according to the present embodiment.

When the main power switch of the main body of the image
forming apparatus 1000 is turned on (the main power source
is turned on), a warming-up operation is started. Specifically,
the electric power is applied to the halogen heater 123, and the
pressing roller 122 starts to rotate in the clockwise direction
illustrated in FIG. 2. Thus, the fixing belt 121 accordingly
rotates in the counterclockwise direction illustrated in FIG. 2
due to the friction force with the pressing roller 122. The
temperature of the fixing belt 121 is detected by the tempera-
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ture sensor 127 and, until the temperature of the fixing belt
121 reaches a predetermined temperature, the warming-up
operation is performed. During the warming-up operation
performed while the main power source is on, the fixing belt
121 is heated so that the temperature of the fixing belt 121
becomes a predetermined temperature (158 degrees C. to 170
degrees C.) that is higher than the fixing temperature.

When the temperature of the fixing belt 121 reaches a
predetermined temperature, the electric current applied to the
halogen heater 123 is cut off so that the temperature of the
fixing belt 121 is decreased to the target fixing temperature.
The sheet P that carries an unfixed toner image T after the
above-described image forming process is guided by an unde-
picted guide plate, is conveyed in the direction A1 illustrated
in FIG. 2, and is then delivered into the nip section N between
the fixing belt 121 and the pressing roller 122 that are in
contact with each other. At this time, the electric power sup-
plied to the halogen heater 123 is controlled in accordance
with the detection result of the temperature sensor 127 so that
the temperature of the fixing belt 121 is kept at the fixing
temperature. A specific example is given here. When the
temperature sensor 127 detects that the temperature of the
fixing belt 121 is the fixing temperature+a. a degrees C, the
supply of electric power to the halogen heater 123 is stopped.
When the temperature sensor 127 detects that the temperature
of the fixing belt 121 is the fixing temperature—a degrees C,
the supply of electric power to the halogen heater 123 is
turned on. Thus, the toner image T is fixed to the surface of the
sheet P due to the heat of the fixing belt 121 that is heated by
the halogen heater 123 and the pressure between the fixing
belt 121 and the pressing roller 122.

The sheet P to which the toner image T is fixed is conveyed
through the nip section N in the direction indicated by the
arrowed line A2 illustrated in FIG. 2. At that time, the leading
edge of the sheet P is brought into contact with the end of the
separation member 128, whereby the sheet P is separated
from the fixing belt 121. Afterward, the separated sheet P
discharged from the apparatus by the discharge rollers and is
stacked on the discharge tray, as described above.

When the image forming operation is finished, a transition
is made to a standby state for an image forming operation, and
then a change is made to a standby mode in which the tem-
perature of the fixing belt 121 is kept at a predetermined
temperature (90 degrees C. in the present embodiment) that is
lower than the fixing temperature or to a sleep mode (energy-
saving mode) in which the supply of electric power to the
halogen heater 123 is stopped or the rotation of the pressing
roller 122 is stopped. A setting may be made via an operating
unit 151 (see FIG. 7), or the like, as to whether a transition is
made to the standby mode or the sleep mode after an image
forming operation is finished. If the standby mode is set, the
temperature of the fixing belt 121 can be promptly increased
to the target fixing temperature for a warming-up operation of
the subsequent image forming operation; thus, it is possible to
shorten the warming-up time. Meanwhile, during the sleep
mode, it is possible to reduce the power consumption during
standby and achieve energy saving. In the case of a start-up
from the standby mode, a warming-up operation is terminated
when the temperature of the fixing belt 121 reaches the target
fixing temperature. In the case of a start-up from the sleep
mode, a warming-up operation is terminated when the tem-
perature of the fixing belt 121 reaches a predetermined tem-
perature that is higher than the target fixing temperature.

FIG. 4 is a schematic configuration diagram that illustrates
another example of the configuration of the fixing device 100
according to the present embodiment.
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In the example of the configuration of the fixing device
illustrated in FIG. 4, the components equivalent to those
described in FIGS. 2 and 3 are denoted by the same reference
numerals, and explanations thereof are omitted.

The fixing device 100 illustrated in FIG. 4 includes the
three halogen heaters 123 as heat sources. In this case, each of
the halogen heaters 123 generates heat for different areas so
that the fixing belt 121 can be heated at an area corresponding
to the width of sheets that can have various widths. Further-
more, in this case, a metallic plate 132 is arranged such that it
surrounds the nip forming member 124, and the nip forming
member 124 is supported by the stay 125 via the metallic plate
132.

Moreover, in the fixing device 100 illustrated in FIG. 4, the
nip forming member 124 is formed to have a smaller size so
that the stay 125 of as large size as possible can be installed
even in a small space. Specifically, the base pad 131 is formed
such that the width of the base pad 131 in the sheet conveying
direction is smaller than that of the stay 125 in the sheet
conveying direction. Furthermore, as illustrated in FIG. 4, if
the height of one end of the nip forming member 124 on the
upstream side in the sheet conveying direction with respect to
the nip section N or an imaginary extended line E is h1, the
height of the other end of the nip forming member 124 on the
downstream side in the sheet conveying direction with respect
to the nip section N or the imaginary extended line E is h2, and
the maximum height of a portion of the nip forming member
124 other than the ends thereof on the upstream side and the
downstream side with respect to the nip section N or the
imaginary extended line E is h3, a configuration is such that
h1=h3 and h2<h3. With this configuration, the ends of the nip
forming member 124 on the upstream side and the down-
stream side are not interposed between the fixing belt 121 and
each of the bent portion of the stay 125 on the upstream side
and the downstream side in the sheet conveying direction;
therefore, the bent portions of the stay 125 can be located
close to the inner circumference of the fixing belt 121. Thus,
it is possible to install the stay 125 of as large size as possible
in the limited space within the fixing belt 121, and it is
possible to ensure the strength of the stay 125. As a result, it
is possible to prevent the nip forming member 124 from being
bent due to the pressing roller 122 and to improve the fixing
performance.

In the present embodiment, in order to ensure the strength
of the stay 125, the stay 125 is configured to include a base
section 1254 that is in contact with the nip forming member
124 and extends in the sheet conveying direction (the vertical
direction in FIG. 4); and rising sections 1254 that extend, in
the contact direction of the pressing roller 122 (to the left side
in FIG. 4), from both ends of the base section 125a on the
upstream side and the downstream side in the sheet conveying
direction. That is, as the stay 125 includes the rising sections
1254, the stay 125 has a cross-sectional surface that horizon-
tally extends in the pressure direction of the pressing roller
122; therefore, the section modulus is increased, whereby the
mechanical strength of the stay 125 can be increased.

Furthermore, if the rising section 1255 of the stay 125 is
formed to be longer in the contact direction of the pressing
roller 122, the strength of the stay 125 is increased. Therefore,
it is preferable that the end of the rising section 1255 is placed
as close as possible to the inner circumference of the fixing
belt 121. However, as various amplitudes of oscillation (dis-
ordered behavior) occurs in the fixing belt 121 while it is
rotated, there is a possibility that, if the end of the rising
section 1255 is too close to the inner circumference of the
fixing belt 121, the fixing belt 121 is brought into contact with
the end of the rising section 1255. Especially, in the configu-
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ration according to the present embodiment where the thin
fixing belt 121 is used, if the amplitude of oscillation of the
fixing belt 121 is large, the position of the end of the rising
section 1255 needs to be carefully set.

Specifically, in the present embodiment, it is preferable
that the distance d between the end of the rising section 1256
of'the stay 125 and the inner circumference of the fixing belt
121 in the contact direction of the pressing roller 122 is set to
at least equal to or greater than 2.0 [mm], preferably equal to
or greater than 3.0 [mm]. If the fixing belt 121 has a certain
thickness and is hardly oscillated, the above-described dis-
tance d can be set to 0.02 [mm]. If the reflection member 126
is mounted on the end of the rising section 1255 as in the
present embodiment, it is necessary to set the distance d such
that the reflection member 126 is not in contact with the fixing
belt 121.

As described above, as the end of the rising section 12556 of
the stay 125 is placed as close as possible to the inner circum-
ference of the fixing belt 121, the rising section 1256 can be
arranged to be longer in the contact direction of the pressing
roller 122. Thus, even in the configuration where the small-
diameter fixing belt 121 is used, the mechanical strength of
the stay 125 can be increased.

FIG. 5 is a schematic configuration diagram that illustrates
another example of the configuration of the fixing device 100
according to the present embodiment.

In the example of the configuration of the fixing device
illustrated in FIG. 5, the components equivalent to those
described in FIGS. 2 and 3 are denoted by the same reference
numerals, and explanations thereof are omitted.

The basic configuration of the fixing device 100 illustrated
in FIG. 5 is similar to those of the two configuration examples
described above, and the primary difference between them is
that a light shielding member 133 is provided. As illustrated
in FIG. 6, the form of the light shielding member 133 is a
stepped form so as to have a different light shielding area
corresponding to the sheet width of a sheet that can be deliv-
ered. The light shielding member 133 is arranged such that it
rotates along the inner circumference of the fixing belt 121 in
a non-contact manner. The light shielding member 133 is
rotated to the rotation position that corresponds to the width
of the delivered sheet P, whereby it is possible to adjust,
depending on the width of the delivered sheet P, the amount of
electromagnetic wave or light that is emitted by the halogen
heater 123 and then reaches the fixing belt 121. For example,
even if a heat fixing process is continuously performed on the
narrow sheets P, it is possible to prevent an excessive increase
in the temperature of the areas of the fixing belt (the areas at
both ends of the fixing belt 121) that are not in contact with the
sheet P at the nip section N, i.e., that are at the non sheet-
delivered area. As a result, it is not necessary to perform
control to reduce the productivity, or the like, so as to cancel
the area where the temperature is excessively increased.
Accordingly, it is possible to reduce the number of halogen
heaters 123 from three to two, compared to the configuration
example illustrated in FIG. 4.

As described above, in the fixing devices 100 according to
the configuration examples illustrated in FIGS. 2 to 6, the nip
forming member 124 is capable of guiding the fixing belt 121
that is about to enter the nip section N; therefore, it is possible
to control the behavior of the fixing belt 121 before the fixing
belt 121 enters the nip section N and to make the fixing belt
121 enter the nip section N in a stable and smooth manner. As
the nip forming member 124 guides the fixing belt 121, it is
possible to rotate the fixing belt 121 in a stable and smooth
manner even in a configuration where any other guide mem-
bers than the nip forming member 124 are not provided at the
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area of the fixing belt 121 except for the ends thereof. Thus, it
is possible to reduce the load on the fixing belt 121 and
prevent the abrasion while it is rotated; thus, damage or break-
age of the fixing belt 121 can be prevented, and the reliability
of the apparatus is improved. Especially, even in a configu-
ration where the fixing belt 121 is thin in order to achieve the
low heat capacity thereof as in the fixing device 100 according
to each of the configuration examples described above, it is
possible to prevent the fixing belt 121 from being damaged or
broken.

Furthermore, in the fixing devices 100 according to the
configuration examples illustrated in FIGS. 2 to 6, as the nip
forming member 124 is capable of guiding the fixing belt 121,
it is possible to achieve simplification and downsizing of the
configuration and reduction in cost. Therefore, it is possible to
achieve a lower heat capacity of the fixing device 100; thus, a
warming-up time can be shortened, the energy saving perfor-
mance can be improved, and the first print time can be short-
ened.

As the nip forming member 124 performs a guide function,
there is no need to provide additional guides; therefore, a
configuration may be such that nothing is interposed between
the inner circumference of'the fixing belt 121 and the sections
of the stay 125 on the upstream and downstream sides in the
sheet conveying direction (such that they are directly opposed
to each other). Thus, the stay 125 on the upstream and down-
stream sides in the sheet conveying direction can be located
close to the inner circumference of the fixing belt 121, and the
stay 125 of as large size as possible can be installed in the
limited space within the fixing belt 121. As a result, evenin a
configuration where the fixing belt 121 has a small diameter
in order to have a low heat capacity, as in the fixing device 100
according to each of the above-described configuration
examples, it is possible to ensure the strength of the stay 125,
to prevent the nip forming member 124 from being bent due
to the pressing roller 122, and to improve the fixing perfor-
mance.

Furthermore, in the fixing device 100 according to the
configuration examples illustrated in FIGS. 2 to 6, as the nip
forming member 124 is located at a position inwardly away
from the fixing belt 121 in a state where the fixing belt 121 is
not in contact with the pressing roller 122, it is possible to
obtain a state such that the fixing belt 121 is not strongly
pressed against the nip forming member 124 on the upstream
and downstream sides of the nip section N in the sheet con-
veying direction. Thus, it is possible to prevent the sliding
load or abrasion that is caused due to the contact between the
fixing belt 121 and the nip forming member 124. Further-
more, as the contact force of the fixing belt 121 against the nip
forming member 124 is low, it is possible to optimize the
route through which the fixing belt 121 enters the nip section
N.

In the case of the apparatus in which the rotating speed of
the pressing roller 122 is high and the number of sheets to be
delivered per minute is large, a thermistor (pressure ther-
mistor) may be provided to detect the temperature of the
pressing roller 122. In a high-speed apparatus in which the
rotating speed of the pressing roller 122 is high, the amount of
heat for the fixing belt 121 tends to be insufficient. Therefore,
the pressure thermistor detects the surface temperature of the
pressing roller 122 during the warming-up operation and,
when each of the surface temperature of the pressing roller
122 and the surface temperature of the fixing belt 121
becomes a predetermined temperature, a transition is made to
the fixing operation. Thus, the fixing operation can be per-
formed by the pressing roller 122 in which a sufficient amount
of heat is stored, and an insufficient amount of heat for the
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fixing belt 121 can be prevented. Furthermore, a thermistor
may be provided to detect the temperature of the pressing
roller 122 at the non sheet-delivered area thereof. When
small-sized sheets are continuously delivered, there is a pos-
sibility that the temperature of the end of the pressing roller
122 or the fixing belt 121 becomes abnormally high and the
apparatus fails to operate properly. In order to prevent the
occurrence of such a failure, a thermistor is installed at the
non sheet-delivered area to detect the temperature and, when
it becomes equal to or higher than a predetermined tempera-
ture, control is performed to stop the apparatus.

FIG. 7 is a block diagram that illustrates an example of the
relevant part of'a control system that controls the fixing device
100 according to the present embodiment.

A control unit 200 that is a control unit includes a controller
unit 200a and an engine control unit 2005.

The controller unit 200a includes a CPU, a ROM, a RAM,
and the like, and is connected to the engine control unit 2005,
the operating unit 151, an external communication interface
unit 152, and the like. The controller unit 200a executes a
previously installed control program so as to control the over-
all image forming apparatus 1000, control inputs from the
external communication interface unit 152 and the operating
unit 151, or the like. For example, the controller unit 200a
receives an input of the user’s instruction that is input via the
operating unit 151 and, in accordance with the input instruc-
tion, performs various operations. Furthermore, the control-
ler unit 2004 receives a command for a print job (an image
forming job) or image data (image information) from an
external host computer, or the like, via the external commu-
nication interface unit 152 and controls the engine control
unit 2006 so as to control an image forming operation to form
and output a color image or black-and-white image to a sheet.

The engine control unit 2005 includes a CPU, a ROM, a
RAM, and the like, and executes a previously installed control
program so as to control a printer engine (the plurality of
image forming units, the optical writing device 8, the fixing
device 100, and the like) that performs an image forming
operation in accordance with a command received from the
controller unit 2004. For example, during the image forming
operation mode, the engine control unit 2005 controls the
electric current applied to the halogen heater 123 so that the
temperature of the fixing belt 121, which is detected by the
temperature sensor 127, becomes a predetermined target tem-
perature and controls a pressing-roller drive unit 129 that
drives and rotates the pressing roller 122.

The image forming apparatus 1000 according to the
present embodiment has three modes, i.e., an image forming
operation mode, a standby mode, and a sleep mode. Here, the
image forming operation mode represents a state where the
image forming apparatus 1000 is performing an image form-
ing operation. The standby mode represents a state where the
image forming apparatus 1000 waits for an instruction to
perform an image forming operation (standby for an image
forming operation). The sleep mode represents a low power
consumption state where the power consumption is lower
than that during the standby mode (standby for an image
forming operation). During the image forming operation
mode, for example, after a warming-up operation is per-
formed by the fixing device 100 so that the temperature of the
fixing belt 121 is increased to a target fixing temperature (e.g.,
158 degrees C. to 170 degrees C.), the fixing operation is then
performed. During the standby mode, the temperature of the
fixing belt 121 in the fixing device 100 is kept at a predeter-
mined temperature (e.g., 90 degrees C.) that is lower than the
target fixing temperature during the above-described image
forming operation mode. During the sleep mode, a state is

10

15

20

25

30

35

40

45

50

55

60

65

18

obtained such that the electric current applied to the printer
engine, such as the fixing device 100 or the engine control unit
2005, are cut off so that the supply of electric current to the
halogen heater 123 or the driving and rotating of the pressing
roller 122 are not performed.

Warming-Up Operation Example 1

Next, an explanation is given of the characterizing portion
of the present invention, i.e., an example of a warming-up
operation (hereafter, the example is referred to as the “warm-
ing-up operation example 1) performed by the fixing device
100 upon return from the standby mode or the sleep mode.

In the following explanation, the warming-up operation
performed upon return from the standby mode or the sleep
mode is used as an example; however, the same applies to
other warming-up operations that are performed when the
main power switch of the main body of the image forming
apparatus 1000 is turned on, or the like.

FIG. 8 is a flowchart that illustrates the flow of a warming-
up operation according to the warming-up operation example
1.

When the controller unit 2004 receives a print job during
the standby mode or the sleep mode, the controller unit 200a
outputs a return signal to the engine control unit 2005. When
receiving the return signal (Yes at Step S1), the engine control
unit 2005 serves as a heating control unit so as to first acquire,
from the controller unit 2004, image data (image information)
as warming-up time estimate information (Step S2). The
engine control unit 2005 then determines whether or not the
timing in which the heating of the fixing belt 121 is started
needs to be changed.

In the warming-up operation example 1, it is determined
whether or not the heating start timing needs to be changed
based on the acquired image data, i.e., based on a criterion as
to whether the number of colors of toner to be used for the
image forming operation performed on the basis of the image
data is equal to or fewer than a predetermined number of
colors. Here, the predetermined number of colors is one, and
a determination is made as to whether the image data is the
data on a black-and-white image or the data on a color image
(Step S3).

According to the warming-up operation example 1, a pre-
determined criterion heating start timing is set, and the supply
of electric current to the halogen heater 123 is usually started
at the criterion heating start timing so that the heating of the
fixing belt 121 is started. In the warming-up operation
example 1, the criterion heating start timing is set such that,
for example, heating is started immediately after a determi-
nation is made during the above-described determination
operation (Step S3).

If it is determined that the image data is the data on a color
image (No at Step S3), it is determined that the timing in
which the heating of the fixing belt 121 is started does not
need to be changed, and the heating of the fixing belt 121 is
started at the criterion heating start timing (S4). Conversely, if
the image data is the data on a black-and-white image (Yes at
Step S3), it is determined that the timing in which the heating
of the fixing belt 121 is started needs to be changed, and the
heating of the fixing belt 121 is started at a predetermined
special heating start timing that is later than the above-de-
scribed criterion heating start timing. Specifically, after a
determination is made at the above-described determination
operation (Step S3) and after a predetermined waiting time
elapses (Step S5), the heating of the fixing belt 121 is started
(Step S4).
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Usually, the amount of toner that adheres to the sheet P that
has a toner image formed by using toner of one color only
during an image forming operation is smaller than that has a
toner image formed by using toner of two or more colors
during an image forming operation. As the amount of toner
that adheres to the sheet P is smaller, a required fixing tem-
perature can be lower; therefore, in the present embodiment,
if the image data is the data on a black-and-white image, the
target fixing temperature is set to be lower than that in a case
where the image data is the data on a color image. Thus, if it
is the data on a black-and-white image, the temperature of the
fixing belt 121 reaches the target fixing temperature more
quickly compared to a case where it is the data on a color
image. Thus, the warming-up time is shorter.

In the image forming apparatus according to the present
embodiment, the fixing device 100 is configured such that the
warming-up time for color images nearly equals the start-up
time of the controller unit 200a or the engine control unit
2005. Therefore, the warming-up time for black-and-white
images is shorter than the start-up time of the controller unit
200a or the engine control unit 2005. In a case where the
heating start timing during the warming-up operation for a
black-and-white image is set to be the same as that for a color
image, after the temperature of the fixing belt 121 is increased
to the target fixing temperature and thus the warming-up
operation is completed, there is a need to wait for the comple-
tion of start-up of the controller unit 2004, and the like, and to
keep the fixing temperature. The power consumed to keep the
fixing temperature during the time period from when the
warming-up operation is completed to when the start-up of
the controller unit 200a, and the like, is completed is a waste
of power.

According to the warming-up operation example 1, if the
acquired image data is the data on a black-and-white image,
the heating start timing is later than that in a case where the
image data is the data on a color image; therefore, the time
period from when the warming-up operation is completed to
when the start-up of the controller unit 200q, and the like, is
completed becomes shorter, and thus the wasted power con-
sumption during that time period can be reduced. Especially,
according to the warming-up operation example 1, the heat-
ing start timing is delayed so that the timing in which the
warming-up operation for a black-and-white image is com-
pleted nearly equals the timing in which the start-up of the
controller unit 200q or the engine control unit 2005 is com-
pleted. Thus, the wasted power consumption during the
above-described time period can be actually prevented.

In the warming-up operation example 1, an explanation is
given of a case where the heating start timing is delayed for a
black-and-white image, i.e., an image that is formed by using
toner of black (Bk) only; however, this is not a limitation. For
example, the heating start timing may be delayed for a case
where an image is formed by using toner of another color,
such as yellow, cyan, or magenta, only. Furthermore, the
heating start timing for a case where an image is formed by
using toner of any two or three colors may be delayed com-
pared to the heating start timing for a case where a full-color
image is formed by using toner of four colors.

Furthermore, in the warming-up operation example 1, the
criterion heating start timing is set to be earlier and, if it is
determined that the heating start timing needs to be changed
on the basis of the acquired image data, the heating of the
fixing belt 121 is started at a predetermined special heating
start timing that is later than the criterion heating start timing;
however, this is not a limitation. For example, the criterion
heating start timing may be set to be later and, if it is deter-
mined that the heating start timing needs to be changed on the
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basis of the acquired image data, the heating of the fixing belt
121 may be started at a predetermined special heating start
timing that is earlier than the criterion heating start timing.

A method of determining a heating start timing is not
limited to the above-described method of selecting a heating
start timing from multiple predetermined heating start tim-
ings on the basis of the image data. For example, a heating
start timing may be calculated based on acquired image data
in accordance with a predetermined algorithm.

Warming-Up Operation Example 2

Next, an explanation is given of another example of the
warming-up operation (hereafter, this example is referred to
as the “warming-up operation example 2”) performed by the
fixing device 100 upon return from the standby mode or the
sleep mode.

The warming-up operation example 2 is similar to the
above-described warming-up operation example 1 except
that, in the warming-up operation example 2, it is determined
whether or not the heating start timing needs to be changed by
using a criterion as to whether the acquired image data is the
data on a text image only. In the following, the difference
between the warming-up operation example 1 and the warm-
ing-up operation example 2 is mainly explained.

FIG. 9 is a flowchart that illustrates the flow of the warm-
ing-up operation according to the warming-up operation
example 2.

When the controller unit 2004 receives a print job during
the standby mode or the sleep mode, the controller unit 200a
outputs a return signal to the engine control unit 2005. When
receiving the return signal (Yes at Step S1), the engine control
unit 2005 serves as a heating control unit so as to first acquire,
from the controller unit 200q, the image data (image infor-
mation) as warming-up time estimate information (Step S2).

If it is determined that the acquired image data is not a text
image only (No at Step S6), it is determined that the heating
start timing of the fixing belt 121 does not need to be changed;
therefore, the heating of the fixing belt 121 is started at the
criterion heating start timing (Step S4). Conversely, if it is
determined that the image data is a text image only (Yes at
Step S6), it is determined that the heating start timing of the
fixing belt 121 needs to be changed; therefore, the heating of
the fixing belt 121 is started at a predetermined special heat-
ing start timing that is later than the above-described criterion
heating start timing. Specifically, after a determination is
made during the above-described determination operation
(Step S6) and after a predetermined waiting time elapses
(Step S5), the heating of the fixing belt 121 is started (Step
S4).

Due to the edge effect upon toner adherence during a
developing process, or the like, the amount of adhering toner
per unit area is large and the pile height is high with respect to
text images compared to solid images, such as photo images.
Furthermore, although a large number of isolated micro-
scopic dots exist in a halftone image, such isolated dots do not
exist in a text image. For the above reasons, in the case of a
text image, a certain amount of toner mass exists during a
fixing process; therefore, it is easy to ensure the fixedness
between the sheet P and the toner. Thus, according to the
present embodiment, if the image data is a text image only, the
target fixing temperature is set to be lower than that in a case
where the image data is not a text image only (in a case where
the image data includes a halftone image or solid image).
Thus, if the data is a text image only, the temperature of the
fixing belt 121 reaches the target fixing temperature more
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quickly compared to a case where the data is not a text image
only; thus, the warming-up time becomes shorter.

In the warming-up operation example 2, if the acquired
image data is a text image only, the heating start timing is later
than that in a case where the image data is not a text image
only. Therefore, the time period from when the warming-up
operation is completed to when the start-up of the controller
unit 200a, and the like, is completed becomes shorter, and the
wasted power consumption during that time period can be
reduced.

Furthermore, it is preferable that, in a low-temperature
environment, control is not performed to delay the heating
start timing on the basis of acquired image data, as performed
in the above-described warming-up operation example 1 and
the warming-up operation example 2. Because the tempera-
ture of the sheet P is low in a low-temperature environment, a
large amount of heat is transferred from the fixing belt 121 to
the sheet P during a fixing process; therefore, a drop in the
temperature of the fixing belt 121 easily occurs, and there is a
possibility of the occurrence of offset. For example, a tem-
perature sensor is provided in the image forming apparatus to
detect the ambient temperature and, in accordance with the
detection result of the temperature sensor, a determination is
made as to whether a control is to be performed to delay the
heating start timing. Instead of the temperature sensor that
detects the ambient temperature, the temperature sensor 127
included in the fixing device 100 may be used.

Furthermore, it is preferable that, if the input voltage of the
outlet is low from which the image forming apparatus
receives electric power, a control is not performed to delay the
heating start timing on the basis of acquired image data, as
performed in the above-described warming-up operation
example 1 and the warming-up operation example 2. If the
input voltage is extremely low, a drop in the fixing tempera-
ture occurs due to an insufficient amount of electric power
after the fixing process is started and there is a possibility of
occurrence of offset.

Warming-Up Operation Example 3

Next, an explanation is given of another example of the
warming-up operation (hereafter, this example is referred to
as the “warming-up operation example 3”) performed by the
fixing device 100 upon return from the standby mode or the
sleep mode.

The warming-up operation example 3 is similar to the
above-described warming-up operation example 1 except
that, in the warming-up operation example 3, the heating start
timing is changed in accordance with the heat-accumulation
state of the fixing device 100. In the following, the difference
between the warming-up operation example 1 and the warm-
ing-up operation example 3 is mainly explained.

FIG. 10 is a flowchart that illustrates the flow of the warm-
ing-up operation according to the warming-up operation
example 3.

When the controller unit 200« receives a print job during
the standby mode or the sleep mode, the controller unit 2004
outputs a return signal to the engine control unit 2005. When
receiving the return signal (Yes at Step S1), the engine control
unit 2005 serves as a heating control unit so as to first acquire,
from the temperature sensor 127 of the fixing device 100, the
temperature information on the fixing belt 121 as heat-accu-
mulation state information (the warming-up time estimate
information) (Step S7).

Based on the acquired temperature information, awaiting
time is calculated which indicates how long the heating start
timing is to be delayed with respect to the criterion heating
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start timing (Step S8). For example, if the waiting time of 4
seconds is calculated during the calculation operation (Step
S8), the heating of the fixing belt 121 is started (Step S4) after
a 4 seconds delay (Step S9) from the criterion heating start
timing. The criterion heating start timing varies depending on
the configuration of the image forming apparatus, and it is
specified as appropriate.

Ifareturn is made from the standby mode or the sleep mode
immediately after a transition has been made to the standby
mode or the sleep mode, most of the heat stored in each unit
of the fixing device 100 during the previous image forming
operation remains without being released, as a period of time
during the standby mode or the sleep mode is short. In this
case, the temperature of the fixing belt 121 is kept high at the
start time of heating, and the heat for heating the fixing belt
121 is not easily released to other units of the fixing device
100; therefore, the temperature of the fixing belt 121 is
increased to the target fixing temperature at a shorter time
(warming-up time). In this case, after the temperature of the
fixing belt 121 is increased to the target fixing temperature
and thus the warming-up operation is completed, there is a
need to wait for the completion of start-up of the controller
unit 2004, and the like, and to keep the fixing temperature;
thus, a waste of power consumption occurs.

In the warming-up operation example 3, the heat-accumu-
lation state of the fixing device 100 is determined based on the
temperature information on the fixing belt 121 that is
acquired from the temperature sensor 127 of the fixing device
100 and, in accordance with the heat-accumulation state, an
appropriate waiting time is calculated. Thus, the heating of
the fixing belt 121 can be started at an appropriate heating
start timing that depends on the heat-accumulation state of the
fixing device 100, preferably at a heating start timing such
that the timing in which the warming-up operation is com-
pleted nearly equals the timing in which the start-up of the
controller unit 200qa, and the like, is completed.

When a return is made from the sleep mode, it is more
effective to perform control for changing the heating start
timing in accordance with the heat-accumulation state of the
fixing device 100, as in the warming-up operation example 3.
This is because, as the power source is usually turned on in a
state where the temperature of the fixing device 100 has
dropped to the ambient temperature, there is no significant
change in the heat-accumulation state of the fixing device
100. Furthermore, as the fixing temperature is kept at a pre-
determined temperature (90 degrees C. in the present embodi-
ment) during the standby mode, there is no significant change
in the heat-accumulation state of the fixing device 100 when
a return is made from the standby mode.

Although the heat-accumulation state of the fixing device
100 is determined based on the temperature information on
the fixing belt 121 according to the warming-up operation
example 3, it may be determined based on other information.
Especially, if a determination is made based on the tempera-
ture information on the pressing roller 122, the heat-accumu-
lation state of the fixing device 100 can be properly deter-
mined compared to a case where the temperature information
on the fixing belt 121 is used. This is because, as the pressing
roller 122 has a larger heat capacity compared to the fixing
belt 121, the pressing roller 122 is not likely to be heated or
cooled; thus, it is possible to properly determine the heat-
accumulation state of the fixing device 100 after a certain time
has elapsed.

If the heat-accumulation state of the fixing device 100 is
determined based on the temperature information on the fix-
ing belt 121 as in the warming-up operation example 3, it is
preferable that the detection sensitivity of the temperature
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sensor 127 is set to be high. Furthermore, a pattern of changes
in the temperature of the fixing belt 121 is previously col-
lected from experiments, or the like, and the temperature
change pattern is compared with the detection result to deter-
mine the heat-accumulation state of the fixing device 100,
whereby a determination can be made in a more accurate
manner.

Although determination accuracy is reduced, a detection
result of other temperature sensors that are installed within
the image forming apparatus, for example, may be used in the
method for determining the heat-accumulation state of the
fixing device 100. A temperature sensor for determining the
installation environment or temperature sensors installed in
other units of the image forming apparatus (e.g., temperature
sensors, or the like, installed in the optical writing device 8,
the developing devices 40Y, 40C, 40M, and 40Bk, the pho-
tosensitive drums 20Y, 20C, 20M, and 20BKk, the transfer belt
unit 10, the sheet feed cassette 61, a read device, and the like)
are often installed in the image forming apparatus. The heat-
accumulation state of the fixing device 100 may be indirectly
determined by using these temperature sensors as an alterna-
tive. In this case, for example, some patterns of connection
between the detection result of the temperature and the heat-
accumulation state of the fixing device 100 are previously
registered, and the pattern is compared with the detection
result of the temperature to determine the heat-accumulation
state of the fixing device 100, whereby a determination can be
made in a more accurate manner.

Furthermore, as a method for determining the heat-accu-
mulation state of the fixing device 100, there is a method in
which the time interval after the previous operation is mea-
sured and the heat-accumulation state of the fixing device 100
is determined on the basis of the measurement result. In this
case, itis preferable that calculation is performed based on the
time interval after the previous operation and the details of the
operation, as what has been performed during the previous
operation has some effects. Furthermore, there is a method in
which, for example, the status of use (the number of output
sheets, the thickness of a sheet, a color mode, or the like) is
recorded after the power source is turned on and the current
heat-accumulation state of the fixing device 100 is estimated
based on the record. Moreover, there is a method in which, for
example, the current heat-accumulation state of the fixing
device 100 is estimated based on the status of use (the number
of output sheets, the thickness of a sheet, or a color mode)
during a certain period of time immediately before a return
signal is received.

Furthermore, if the temperature sensor that detects the
temperature of the fixing belt 121 or the pressing roller 122 is
a non-contact temperature sensor, a different temperature
sensor is sometimes installed to detect the ambient tempera-
ture where the non-contact temperature sensor is installed or
detect the temperature of the non-contact temperature sensor
itself. In this case, the difference between the temperature
detection result of the different temperature sensor and the
temperature detection result of the non-contact temperature
sensor is obtained so that the detected temperature of the
fixing belt 121 or the pressing roller 122 can be more proper.
In this case, the heat-accumulation state of the fixing device
100 may be determined based on the detection result of the
above-described different temperature sensor. The tempera-
ture sensor may be, for example, PT9S-D312-R1 that is
manufactured by Shibaura Electronics Co., Ltd., NC-F10 that
is manufactured by SEMITEC Corporation, or the like. Any
other sensors may be used.

Warming-Up Operation Example 4

Next, an explanation is given of another example of the
warming-up operation (hereafter, this example is referred to
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as the “warming-up operation example 4”) performed by the
fixing device 100 upon return from the standby mode or the
sleep mode.

The above-described warming-up operation examples 1 to
3 may be combined to one another. The warming-up opera-
tion example 4 is an example where the above-described
warming-up operation example 1 is combined with the warm-
ing-up operation example 3.

FIG. 11 is a flowchart that illustrates the flow of the warm-
ing-up operation according to the warming-up operation
example 4.

When the controller unit 2004 receives a print job during
the standby mode or the sleep mode, the controller unit 200a
outputs a return signal to the engine control unit 2005. When
receiving the return signal (Yes at Step S1), the engine control
unit 2005 serves as a heating control unit so as to first acquire,
from the controller unit 200q, the image data (image infor-
mation) as warming-up time estimate information (Step S2).
It is then determined whether the image data is the dataon a
black-and-white image or the data on a color image (Step S3).

If it is determined that the image data is the data on a color
image (No at Step S3), it is determined that the heating start
timing of the fixing belt 121 does not need to be changed, and
the heating of the fixing belt 121 is started at the criterion
heating start timing (Step S4).

Conversely, if it is determined that the image data is the
data on a black-and-white image (Yes at Step S3), the tem-
perature information on the fixing belt 121 is then acquired
from the temperature sensor 127 of the fixing device as the
heat-accumulation state information (the warming-up time
estimate information) (Step S7). Awaiting time that indicates
how long the heating start timing is to be delayed with respect
to the criterion heating start timing is calculated based on the
acquired temperature information (Step S8). After the calcu-
lated waiting time has elapsed (Step S9), the heating of the
fixing belt 121 is started (Step S4).

In the warming-up operation example 4, control may be
performed during the operation to calculate the waiting time
(Step S8) such that a data table is prepared which defines the
correspondence relationship between the heat-accumulation
state information and the waiting time and the data table is
referred to by using the acquired heat-accumulation state
information so that the waiting time is determined. Further-
more, control may be performed such that the acquired heat-
accumulation state information is input to a predetermined
calculating formula so that the waiting time is calculated.

Not only the warming-up operation example 4 but also any
various combination of the above-described warming-up
operation examples 1 to 3 may be used. For example, instead
of the determination operation (Step S3) in the warming-up
operation example 4, the above-described determination
operation in the warming-up operation example 2, i.e., the
operation to determine whether or not the image data is a text
image only, may be performed. For example, ifthe image data
is a black-and-white image and also a text image, or if the
image data is a black-and-white image or text image, the
heating start timing may be delayed.

In the present embodiment, as a method of controlling the
heating start timing, it is preferable to use a method of per-
forming on/off control of a switch unit that is installed
between the halogen heater 123 and a power source unit that
applies electric current to the halogen heater 123. A specific
example will be explained below.

Specific Example 1

FIG. 13 is a flowchart that illustrates a specific example
(hereafter, this example is referred to as the “specific example
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1) to perform on/off control of a switch unit that is provided
between the halogen heater 123 and the power source unit.

According to the present embodiment, a relay (an electric
relay) and a TRIAC (bidirectional thyristor) are installed on
the power supply route. In the specific example 1, the relay is
used as a switch unit to perform on/off control. An explana-
tion is given by using, for example, the above-described
warming-up operation example 1. When a return signal is
received (Yes at Step S1) and the image data is acquired (Step
S2), it is determined whether the image data is the data on a
black-and-white image or the data on a color image (Step S3).
If it is determined that the image data is the data on a color
image (No at Step S3), the relay is first turned on (Step S10)
and then the TRIAC is turned on (Step S11). Thus, electric
current is applied to the halogen heater 123 so that the heating
of'the fixing belt 121 is started. Conversely, if it is determined
that the image data is the data on a black-and-white image
(Yes at Step S3), the relay is turned on (Step S10) after a
predetermined waiting time has elapsed (Step S5), and then
the TRIAC is turned on (Step S11) so that the heating of the
fixing belt 121 is started.

Specific Example 2

FIG. 14 is a flowchart that illustrates another specific
example (hereafter, this example is referred to as the “specific
example 2”) to perform on/off control of a switch unit that is
provided between the halogen heater 123 and the power
source unit.

In the specific example 2, the TRIAC is used as a switch
unit to perform on/off control. An explanation is given by
using, for example, the above-described warming-up opera-
tion example 1. When a return signal is received (Yes at Step
S1), the relay is first turned on (Step S10) and the image data
is acquired (Step S2). If it is determined that the image data is
the data on acolorimage (No at Step S3), the TRIAC is turned
on (Step S11) so that the heating of the fixing belt 121 is
started. Conversely, if it is determined that the image data is
the data on a black-and-white image (Yes at Step S3), the
TRIAC is turned on (Step S11) after a predetermined waiting
time has elapsed (Step S5) so that the heating of the fixing belt
121 is started.

The above-described explanation is only an example, and
the present invention produces a specific advantage for each
of the following aspects.

Aspect A

It is characterized in that an image forming apparatus
includes: an image forming unit, such as the transfer belt unit
10, that forms an image on a recording medium, such as the
sheet 2, in accordance with input image information; a fixing
unit, such as the fixing device 100, that applies heat of a
heated heating member, such as the fixing belt 121, to the
image formed on the recording medium by the image forming
unit so as to fix the image to the recording medium, thereby
performing a heat fixing operation; an information acquiring
unit, such as the controller unit 200a or the temperature
sensor 127, that acquires warming-up time estimate informa-
tion for estimating a warming-up time to increase the tem-
perature of the heating member to a target fixing temperature;
and a heating control unit, such as the engine control unit
2005, that controls a heating start timing of the heating mem-
ber in accordance with the warming-up time estimate infor-
mation acquired by the information acquiring unit.

Thus, the time period from when the warming-up operation
is completed until other operating units, such as the controller
unit 200a, are started up becomes shorter, whereby a waste of
power consumption during the time period can be reduced.
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Aspect B

According to the above-described aspect A, it is character-
ized in that the warming-up time estimate information
includes image information on an image on which the heat
fixing operation is performed by using the heating member
after the temperature of the heating member is increased.

Thus, itis possible to determine the difference of the warm-
ing-up times due to different images that are subjected to the
heat fixing operation, whereby a waste of power consumption
during the time period from when the warming-up operation
is completed until other operating units are started up can be
prevented in a more proper manner.

Aspect C

According to the above-described aspect B, it is character-
ized in that the image forming unit forms, on a recording
medium in accordance with input image information, a
single-color image that includes any one of color images
formed by using multiple types of toner of different colors or
forms an image on which single-color images of two or more
colors are superimposed. The heating control unit determines
whether the image information is few-color image informa-
tion or many-color image information, the few-color image
information being for forming a single-color image, such as a
black-and-white image, or a multi-color image, such as a
color image, in which the number of single-color images
superimposed is equal to or fewer than a predetermined num-
ber, and the many-color image information being for forming
a multi-color image, such as a full-color image, in which the
number of single-color images superimposed is lager than the
predetermined number. The heating control unit controls the
heating start timing such that when it is determined that the
image information is the few-color image information, the
heating start timing is later than the heating start timing when
it is determined that the image information is the many-color
image information.

Thus, it is possible to properly prevent a waste of power
consumption that occurs when the image that is the target of
the heat fixing operation is formed by using a small number of
toner colors.

Aspect D

According to the above-described aspect B or C, it is char-
acterized in that the heating control unit determines whether
the image information is text image information that includes
a text image only and controls the heating start timing such
that, when it is determined that the image information is the
text image information, the heating start timing is later than
the heating start timing when it is determined that the image
information is not the text image information.

Thus, it is possible to properly prevent a waste of power
consumption that occurs when the image that is the target of
the heat fixing operation is a text image.

Aspect E

According to any one of the above-described aspects A to
D, it is characterized in that the warming-up time estimate
information includes heat-accumulation state information
that indicates a heat-accumulation state of the fixing unit.

Thus, it is possible to prevent a waste of power consump-
tion that occurs when the fixing unit is in a heat-accumulation
state where the amount of heat accumulated therein is large.
Aspect F

According to the above-described aspect E, it is character-
ized in that the heat-accumulation state information includes
temperature information on the heating member.

Thus, it is possible to determine the heat-accumulation
state of the fixing unit by using the existing configuration of



US 9,069,304 B2

27

the image forming apparatus that includes a temperature
detection unit that detects the temperature information on the
heating member.

Aspect G

According to the above-described aspect E or F, it is char-
acterized in that the fixing unit performs the heat fixing opera-
tion in a state where the recording medium is pressed against
the heating member by a pressing member, such as the press-
ing roller 122, and the heat-accumulation state information
includes the temperature information on the pressing mem-
ber.

Thus, it is possible to determine the heat-accumulation
state of the fixing unit by using the existing configuration of
the image forming apparatus that includes a temperature
detection unit that detects the temperature information on the
pressing member.

Aspect H

According to any one of the above-described aspects E to
G, it is characterized in that the heating control unit deter-
mines whether or not the heat-accumulation state information
acquired by the information acquiring unit indicates a heat-
accumulation state in which an amount of accumulated heat is
smaller than an amount of accumulated heat in a predeter-
mined heat-accumulation state and controls the heating start
timing such that, when it is determined that the heat-accumu-
lation state information indicates the heat-accumulation state
in which the amount of accumulated heat is smaller than the
amount of accumulated heat in the predetermined heat-accu-
mulation state, the heating start timing is later than the heating
start timing when it is determined that the heat-accumulation
state information indicates the heat-accumulation state in
which the amount of accumulated heat is equal to or larger
than the amount of accumulated heat in the predetermined
heat-accumulation state.

Thus, it is possible to properly prevent a waste of power
consumption that occurs when the fixing unit is in a heat-
accumulation state where the amount of heat accumulated
therein is large.

Aspect ]

According to any one of the above-described aspects A to
H, it is characterized in that the heating start timing controlled
by the heating control unit is a heating start timing when a
return is made from a standby state for an image forming
operation, such as a standby mode or sleep mode, after the
image information is input.

Thus, it is possible to prevent a waste of power consump-
tion upon return from the standby mode or the sleep mode.
Aspect ]

According to any one of the above-described aspects A to
1, it is characterized in that the fixing unit includes a switch
unit that switches on/off electric current applied to the heating
member, and the heating control unit controls a timing in
which the switch unit switches on/off the electric current
applied to the heating member so as to control the heating
start timing.

Thus, the heating start timing can be controlled by using a
simple configuration.

Aspect K

According to the above-described aspect J, it is character-
ized in that the switch unit is a relay.

Thus, a simple switch unit can be easily obtained.

Aspect L

According to the above-described aspect J, it is character-
ized in that the switch unit is a bidirectional thyristor.

Thus, a simple switch unit can be easily obtained.

According to an aspect of the present invention, it is pos-
sible to produce an advantage, i.e., to reduce a waste of power
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consumption that is required to keep the fixing temperature
until the other operating units are started up.

According to the present invention, it is possible to perform
control such that, if the estimated warming-up time is short
which is estimated from warming-up time estimate informa-
tion, the heating start timing of the heating member is
delayed. Thus, compared to a conventional configuration in
which the same heating start timing is equally set even though
the warming-up times are different, it is possible to reduce the
difference between the time when warming-up is completed
and the time when a heat fixing operation is performed in a
case where the warming-up time is short. Thus, it is possible
to shorten the time period from when warming-up is com-
pleted to when the other operating units are started up so that
a fixing operation is actually performed. As a result, it is
possible to reduce a waste of electric power that is consumed
during the time period, i.e., wasted power consumption that is
required to keep the fixing temperature until the other oper-
ating units are started up.

Although the invention has been described with respect to
specific embodiments for a complete and clear disclosure, the
appended claims are not to be thus limited but are to be
construed as embodying all modifications and alternative
constructions that may occur to one skilled in the art that
fairly fall within the basic teaching herein set forth.

What is claimed is:

1. An image forming apparatus comprising:

an image forming unit configured to form an image on a
recording medium in accordance with input image infor-
mation;

a fixing unit configured to apply heat of a heated heating
member to the image formed on the recording medium
by the image forming unit so as to fix the image to the
recording medium, thereby performing a heat fixing
operation;

an information acquiring unit configured to acquire warm-
ing-up time estimate information for estimating a warm-
ing-up time to increase a temperature of the heating
member to a target fixing temperature, the warming-up
time estimate information including information related
to at least a type of the image and heat-accumulation
state information of the fixing unit; and

a heating control unit configured to control a heating start
timing of the heating member based on the type of the
image and a waiting time determined based on the heat-
accumulation state information.

2. The image forming apparatus according to claim 1,
wherein the heat fixing operation is performed on the image
by using the heating member after the temperature of the
heating member is increased.

3. The image forming apparatus according to claim 2,
wherein

the image forming unit is configured to form, on the record-
ing medium in accordance with input image informa-
tion, any one of a single-color image that includes any
one of color images formed by using multiple types of
toner of different colors, a few-color image on which
single-color images of two or more colors are superim-
posed where a number of the single-color images are
less than a threshold and a multi-color image where the
number of single-color images are greater than the
threshold, and

the heating control unit is configured to,
determine, based on the type of the image, whether the

image is the single-color image, the few-color image
or the multi-color image, and
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control the heating start timing such that, when it is
determined that the image is at least one of the single-
color image and the few-color image, the heating start
timing is later than the heating start timing when it is
determined that the image information is the multi-
color image.

4. The image forming apparatus according to claim 2,
wherein the heating control unit is configured to

determine, based on the type of the image, whether or not

the image is a text image only, and

control the heating start timing such that, when it is deter-

mined that the image is the text image only, the heating
start timing is later than the heating start timing when it
is determined that the image is not the text image only.

5. The image forming apparatus according to claim 1,
wherein the heat-accumulation state information includes
temperature information on the heating member.

6. The image forming apparatus according to claim 1,
wherein

the fixing unit performs the heat fixing operation in a state

where the recording medium is pressed against the heat-
ing member by a pressing member, and

the heat-accumulation state information includes tempera-

ture information on the pressing member.

7. The image forming apparatus according to claim 1,
wherein

the heating control unit is configured to

determine whether or not the heat-accumulation state
information indicates a heat-accumulation state in
which an amount of accumulated heat is smaller than
an amount of accumulated heat in a particular heat-
accumulation state, and

control the heating start timing such that, when it is
determined that the heat-accumulation state informa-
tion indicates the heat-accumulation state in which
the amount of accumulated heat is smaller than the
amount of accumulated heat in the particular heat-
accumulation state, the heating start timing is later
than the heating start timing when it is determined that
the heat-accumulation state information indicates the
heat-accumulation state in which the amount of accu-
mulated heat is equal to or larger than the amount of
accumulated heat in the particular heat-accumulation
state.

8. The image forming apparatus according to claim 1,
wherein the heating start timing is a heating start timing when
a return is made from a standby state for an image forming
operation after the image information is input.

9. The image forming apparatus according to claim 1,
wherein

the fixing unit includes a switch unit configured to switch

onor switch off an electric current applied to the heating
member, and

the heating control unit is configured to control a timing in

which the switch unit switches on or switches off the
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electric current applied to the heating member so as to
control the heating start timing.

10. The image forming apparatus according to claim 9,
wherein the switch unit is a relay.

11. The image forming apparatus according to claim 9,
wherein the switch unit is a bidirectional thyristor.

12. The image forming apparatus according to claim 1,
wherein the heating control unit is configured to,

determine whether the type of the image indicates that the

image is a single-color image,

acquire the heat accumulation state information if the type

of the image indicates that the image is the single-color
image, and control the heating start timing based on the
determined waiting time.

13. An image forming apparatus comprising:

a control unit configured to,

acquire warming-up time estimate information for esti-
mating a warming-up time to increase a temperature
of'a heating member to a target fixing temperature, the
warming-up time estimate information including
information related to at least a type of the image and
heat-accumulation state information of a fixing unit,
the heating member being configured to heat up the
fixing device for fixing an image onto a recording
medium; and

control a heating start timing of the heating member
based on the type of the image and a waiting time
determined based on the heat-accumulation state
information.

14. The image forming apparatus according to claim 13,
wherein the type of the image indicates whether the image is
a single color image or a multi-color image.

15. The image forming apparatus according to claim 14,
wherein if the type of the image indicates that the image is the
single color image, the control unit is configured to control
the heating start timing such that a heating of the heating
member is delayed compared to an initial time set for starting
the heating of the heating member.

16. The image forming apparatus according to claim 14,
wherein if the type of the image indicates that the image is the
multi-color image, the control unit is configured to control the
heating start timing such that a heating of the heating member
starts at an initial time set for starting the heating of the
heating member.

17. The image forming apparatus according to claim 13,
wherein the type of the image indicates whether the image is
a text image or not.

18. The image forming apparatus according to claim 17,
wherein if the type of the image indicates that the image is a
text image, the control unit is configured to control the heat-
ing start timing such that a heating of the heating member is
delayed compared to an initial time set for starting the heating
of the heating member.
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